We claim: 



1 A method of fabricating an encapsulated metal structure 

2 a feature formed in a substrate having a top surface/ the 
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feature having sidewalls and a bottom, at least the sidewall 
and bottom being covered by a first barrier layer and the 
feature being filled with metal, the method comprising the 



6 steps of: 
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forming a recess in the metal, so that a top surface of 
the metal is lower than the top surface of the substrate- 

depositing an additional barrier layer covering the 'top 
surface of the metal and contacting the first barrier layer- 
and * ' 

planarizing the additional barrier layer. 

2. A method of fabricating an encapsulated metal structure 
according to claim 1, wherein the method is repeated so that 
after a final barrier layer is planarized, the top surface of 
the substrate is exposed and the metal is encapsulated by the 
first barrier layer and at least one additional barrier layer 



6 including the final barrier layer. 



3 . A method of fabricating an encapsulated metal structure 
according to claim 1, wherein said step of forming a recess in 
the metal and said planarizing step are performed by chemical- 



4 mechanical polishing (CMP) . 
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1 4. A method of fabricating an encapsulated metal struct 

2 . feature formed in a substrate having a top sullTlT 

3 feature having sidewalls and a bottom the Lh T 

4 the steps of: ' meth ° d com P*ising 

depositing a first barrier laver r>« +k 
filling the feature with metal; 

forming a recess 1„ the metal, so that a top surface of 
the metal is lower than the top surface of the substrate 

depositing a second harrier layer on the top surface of 
the metal; and dce ° £ 

12 Planarizing the first barrier layer and 

13 layer so that the top surface of the sit" s 

14 the metal is encapsulated b y the first ^^T^ 

15 second barrier layer. "Yer and the 
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1 5 A method of fabricating an encapsulated metal structure 

2 according to claim 4, wherein said step of f llllno the T ! 

3 with metal further comprises- 9 featUre 

5 la y erran°d Sitin9 9 ^ ^ " «" ^ °* «» -rrier 

6 electroplating the metal using the seed layer. 
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6. A method of fabricating an encapsuiated metal structure 
according to claim 4, wherein said step of forming a rece SS in 
the metal and said planarizing step are performed by chemical 
mechanical polishing (CMP). cnemical 

7. A method of fabricating an encapsuiated metal structure 
according to claim 5, wherein the metai is electroplated on the 
top surface, and said step o, forming a recess in the metal 
further comprises removing the metal from the top surface 
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1 8 A method of fabricating an encapsulated metal structure • 
LT tUr : f0rmed ^ 3 S " bStrate ^ * •«* J the " 

« ::: ~: 9 s " ewaiis and a — - — — * g 
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depositing a first barrier layer on the top surface of ,u 
substrate a nd on the stalls and botto ra of the feTtl; & 
filling the feature with metal; 

forming a first recess i„ the metal, so that a top surface 
of the metal is lower than *. ~ surface 

deoo^,™ .Tl. thM ^ tOP S " rfaCS ° f the substrate; 



11 the metal; and 
12 



planarizing the first barrier layer and the second barrier 
layer so that the top surface of the substrate is exposed ? 
reining portlon of the second P «. . 

surface of the metal and a portion of the top surface of the 
metal is PYnnc^ . ,ltr 



16 metal is exposed; 

17 forming a second recess in the metal at the exposed 

18 portion thereof; 
19 



depositing a third barrier layer on the top surface of the 
.etal and on the remaining portion of the second barrier layer 
thereby filling the second recess in the metal; and 

Planarizing the third barrier layer so that the top 
surface of the substrate is exposed and the metal is 
encapsulated by the first barrier layer, the second barrier 
layer and the third barrier layer. 

9. A method of fabricating an encapsulated metal structure 
according to claim 8, wherein said step of fin ing the feature 
with metal further comprises: feature 
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4 depositing a seed layer of the metal on the first barrier 

r J and 



5 layer; and 

6 electroplating the metal using the seed layer. 
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a method of fabricating an encapsulated metal structure 
according to claim 8, wherein said step of forming a first 
recess in the metal, said step of forming a second recess i„ 
the metal and said planarizing steps are performed by chemical- 

moohan foal . 1 



5 mechanical polishing (CMP). 



1 11. 

2 



A method of fabricating an encapsulated metal structure 
according to claim 9, wherein the metal is electroplated on the 
top surface, and said step of forming a first recess in the 
metal further comprises removing the -metal from the top surface. 

1 12. A method of fabricating a metal-insulator-metal (MIM) 

2 capacitor, the method comprising the steps of: 

3 providing a first substrate layer with a feature formed 

4 therein, the first substrate layer having a top surface, the 

5 feature having sidewalls and a bottom; 

6 forming an encapsulated metal structure in the feature 
where the sidewalls and bottom of the feature are covered by a 
first barrier layer and the feature is filled with metal 

9 covered by an additional barrier layer in contact with the 
10 first barrier layer; 

depositing a second substrate layer on the top surface of 
the first substrate layer and overlying the encapsulated metal 

13 structure; 

14 forming an opening in the second substrate layer to expose 

15 the encapsulated metal structure; 
depositing a dielectric layer on the second substrate 

layer, covering sidewalls of the opening and the exposed 
encapsulated metal structure at a bottom of the opening; 

depositing an additional layer to cover the dielectric 
layer on the sidewalls and on the bottom of the opening and to 

21 fill the opening; and 

22 planarizing the dielectric layer and the additional layer. 
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1 13. A method of fabricating a MIM capacitor according to cl aim 

2 12, wherein said step of forming an encapsulated metal 
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3 structure comprises: 

4 depositing the first barrier layer on the top surface of 
the substrate and on the sidewalls and bottom of the feature- 

6 filling the feature with metal; 
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forming a recess in the metal, so that a top surface of 
the metal is lower than the top surface of the substrate- 

depositing the additional barrier layer to cover the top 
surface of the metal and contact the *irst barrier layer; and 
planarizing the additional barrier layer. 

14. A method of fabricating a MIM capacitor according to claim 
13, wherein the steps of forming a recess in the metal 
depositing the additional barrier layer and planarizing the 
additional barrier layer are repeated so that, after a final 
barrier layer is planarized, the top surface of the substrate 
is exposed and the metal is encapsulated by the first barrier 
layer and at least one additional barrier layer including the 

final Ha irtrA 1 



8 final barrier layer 



15. A method of fabricating a MIM capacitor according to claim 
13, wherein the steps of forming a recess in the metal and said 
planarizing steps are performed by chemical -mechanical 



4 polishing (CMP) . 



16. A method of fabricating a MIM- capacitor according to claim 
12, wherein said step of planarizing the dielectric layer and 
the additional layer removes the dielectric layer and the 
additional layer from a top surface of the second substrate 
layer, so that the top surface of the second substrate layer is 
exposed, and a remaining portion of the dielectric layer and a 
remaining portion of the additional layer are disposed in the 
onprn i no . 



opening 
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17 An encapsulated metal structure formed in a feature of 
substrate the substrate having a top surface, the feature 
havxng sadewalls and a bottom, the structure comprising: 



5 the feature; 



a first harrier layer covering the sidewalls and bottom of 



6 metal filling the feature and having a recess formed 

7 therein so that a top surface of the metal is iower than the 

8 top surface of the substrate; and 

the mirT" 1 b3rrier C ° Verln9 the ^ of 

the metal and contacting the first barrier layer so as to 

encapsulate the metal, the additional barrier layer being 

planar i2 ed so that the top surface of the substrate is exposed 



1 18. An encapsulated metal structure according to claim 17 

2 wherein the metal comprises copper. 



19. An encapsulated metal structure according to claim 17 
wherein *>>~ *■ • • - 11 ' 

3 nitride. 



1 

i first barrier iayer ^„ 



1 20. An encapsulated metal structure according to data 17 

3 iTth T addlti0nal barrl6r 3 tOP 

3 with the top surface of the substrate. 



1 21. A metal-insulator-metal (MIM) capacitor, structure 

2 comprising; 7 

a first substrate layer with a feature formed therein, the 
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first substrate layer having a top surface, the feature having 



5 sidewalls and a bottom; 



« an encapsulated metal structure in the feature, where the 



sidewalls and bottom of the feature are covered by a first 
barrier layer and the feature is filled with metal covered by 
an additional barrier layer in contact with the first barrier 
layer, to form a lower plate of the capacitor structure- 



FIS9-2000-0016 



- 16 - 



11 a second substrate layer on the top surface of the first 

12 substrate layer, the second substrate layer having an opening 

13 formed therein overlying the encapsulated metal structure; 

14 a dielectric layer covering sidewalls of the opening 'and a 

15 portion of the encapsulated metal structure at a bottom of the 

16 opening; and 

17 an additional layer covering the dielectric layer on the 

18 sidewalls and on the bottom of the opening and filling the 

19 opening, to form an upper plate of the capacitor structure, 

20 wherein the dielectric layer and the additional layer 'are 

21 planarized so that the top surface of the second substrate 

22 layer is exposed. 

1 22. A MIM capacitor structure according to claim 21, wherein 

2 the metal comprises copper. 

1 23. A MIM capacitor structure according to claim 21, wherein 

2 the first barrier layer comprises tantalum and tantalum 

3 nitride. 

1 24. A MIM capacitor structure according to claim 21, wherein 

2 the dielectric layer comprises Ta 2 O s . 

1 25. A MIM capacitor structure according to claim 21, wherein 

2 the additional layer comprises tantalum nitride. 
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